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ANALYSIS OF GENE EXPRESSION BY DISPLAY OF 
r-END RESTRICTION FRAGMENTS OF eONAs 

The identification of genes essodated witfi development, 
differentiation, disease states, and response to cellular environment is an 
important step for advanced understanding of these phenomena. 
Specifically, effective methods for conducting genetic analysis are needed to 
identify and isolate those genes that are differantiaiiy expressed in various 
oelis or under altered cell environments. 

Early methods developed to Identify and done such genes were 
primarily based on the prindple of differential or subtractive hyt)ridization 
[see Proc. NaU. Acad. Sd. USA 882825 (1991); Nature 308:149 (1984); 
Proc. Natl. Acad. Sd. 84:1609 (1987); and Mol. Cell Biol. 9:1041 (1989)]. 
Despite the usefulness of these methods, they can only analyze a fraction of 
the overall changes in gene expression, require large amounts of ribonudeic 
add (RNA), and are lengthy and labor intensive. 

Recently. Uang and Pardee [see Sdence 257S67 (1992)] developed 
a gel-based technique that fadlitates a rapid and extensive analysis of 
differentially-expressed messenger RNA (mRNAs). Very briefly, this 
technique was directed toward the identification of differentially expressed 
genes among the approximately 15,000 individual mRNA spedes in a pair of 
mammalian cell populations, and then recovering their complementary 
deoxyribonudeic add (cDNA) and genomic dones. The general strategy was 
to amplify partial complementary cDNA sequences from subsets of mRNAs 
by reverse transcription and the polymerase chain reaction. These short 
sequences would then be displayed on a sequendng gel. In this technique, 
pairs of 10-mer primers were selected so that each would amplify DNA 
from about 50 to 100 mRNAs because this number was optimal under this 
technique for display on the gel [Sdence 257:967 (1992); and see also 
United States Patent 5,262.311. the disdosure of whidi is incorporated in 
toto herein]. 

Several groups have successfully employed the Liang and Pardee 
technique to Identify differentially expressed genes [see Trends Genet. 
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11242 (1995): Curr. Opinion Immunol. 7274 (1994); and Nucleic Adds Res. 
19:4009 (1994)]. However, iimftatlons associated with this technique - 
limitations such as the lack of quantitative correlation with mRNA 
atMjndances, a significant incidence (up to 80%) of false positive signals. 

5 variable reprodudbOity of the display patterns, multiple sequences migrtting 
In the gel to produce a single signal, and under-representation and 
redundancy of mRlMA signals [see Trends Genet 11242 (1995)- Nucleic 
Adds Res. 225763 (1994); and FEBS Let. 351231 (1994)J - hLve made it 
difficult to fully and correctly evaluate differential gene expression. Mora 

0 Importantly, the size of bands is not always readily predidable from the 
mRNA sequence. 

Amplification of cDNAs at the low primer annealing temperature of 
40» to 42» C, a non-stringent PCR condition, as used In the Liang and Pardee 
technique is now considered to be a major limitation of current gel display 
5 protocols [see Trends Genet. 11242 (1995); Biotechniques 18:842 (1995); 
and Biocham. Biophy. Res, Commun. 199:564 (1994)]. Adaptations of the 
original protocol have been reported In order to overcome some of these 
limitations such as the use of one base anchored ollgo-dT primer for 
increased representation of mRNAs [see Nud. Add. Res. 22:5763 (1994)], 
and the use of long composite primers to achieve reprodudUe patterns 
under more stringent PCR condttions [see Nud. Add. Res. 225763 (1994)- 
and FEBS Let. 351231 (1994)]. However, all these modifications continue' 
to involve annealing of arbitrary primers at approximately 40* to 42* C for 
cONA amplification in the first few 

According to the present invention there is presented an attemative 
approach for cDNA display on gels to those described by Uang and Pardee 
or to those described by subtractive or differential hybridization techniques. 
Display patterns are generated when restriction enzyme digested double 
stranded (ds) cDNA Is ligated to an adapter that mediates selective PCR 
amplification of 3'-end fragments of cDNAs under high stringency PCR 
conditions, instead of non-stiingent art)ltrary cDNA amplification as taught 
by Liang and Pardee. 
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In the present invention, a diversity of patterns is generated by 
choosing different sets of restriction en^mes and anchored oligo-ifT 
primers. Since all cDNAs in a sample acquire a common heei (a 'heel' is a 
ONA sequence not presented In the DNA being synthesized) from the oiigo- 
5 dT primer during synthesis, most ^NA molecules In a subset (determined 
by the anchor nucleotides of the oligo-dT) can be displayed by choosing a 
combination of restriction enzymes while minimizing under-representation or 
redundant- representation of mRNAs. This apiaroach provides near- 
quantitative Information about the levels of gene expression, can resolve 

1 0 hidden (fifferenees in the display gel. produces a single band for each mRNA 
species, and produces bands of predictable size for known gene sequences. 
Most importantly the method according to the present invention produces 
consistently reprodudble display patterns. 

Accordingly, the aspect of the present invention is to describe an 

1 5 assay method that, when compared to presently used methods for such 
assays, achieves a (tecrease In false positive signals; provides a reproducible 
technique for identifying and displaying gel patterns of DNA; provides a 
means for distinguishing multiple sequence signals for sequences that co- 
migrate to a single band in conventional techniques; avoids under 

20 representation and redundancy of Rl^; and utilizes stringent conditions for 
PCRanneafng. 

This and other aspects of the present invention will become clearly 
understood by reference to the following figures, examples, and description 
of the invention. 
25 With regard to the figures, 

Rgure 1 is an outline schematic of the method for 3'-end cDHA 
amplification according to the present invention; 

Figure 2 is a photomicrograph demonstrating the predictability of the 
band size of Icnown cDNAs on tiie display gel according to the present 
30 invention; 



W097/aS286 



4 



PCT/US96/11468 



Rgure 3 is a photomicrograph demonstrating the reproducibility 
patterns and their diversity generated by different r^trlction enzymes and 
anchors in oligo-dT primers wHh heel according to the present invention; 
Rgure 4 is a photomicrograph demonstrating a verification of 
5 difterences from display gel by RT-PCR of original total RNA sample 
according to the present invention; 

Rgure 5 is a photomicrograph showing utility wtien using a low 
amount of cONA for display according to the present invention; 

Rgure 6 is a photomicrograph showing the display obtained from 
1 0 cONA expression patterns in a very small number of stem ceils according to 
the present invention; 

Rgure 7 is a photomicrograph ^wing the changes in gene 
expression patterns found in aging IMR 90 cells and using restriction enzyme 
Bglli according to the present invention; 
1 5 Rgure 8 is a photomicrograph showing the display obtsrined of cDNA 

expression patterns from human osteoblasts treated with and without 
estrogen according to the present invention; 

Rgure 9 is a photomicrograph showing the changes in gene 
expression patterns found in aging IMR 90 cells and using restriction enzyme 
20 PStI according to the present invention; 

Rgure 10 is a photomicrograph showing the display of tOHA 
expression patterns of Jurl(at T-celis after transfection with the H0X11 
gene according to the present invention. 

Interestingly enough, during the making of the present invention, RNA 
25 expres^on during early T-cell activation an extensively studied phenomenon 
associated with the induction of a large number of genes within a relatlveiy 
short period of time (see Annu. Rev. Immunol. 8>421 (1990); and Curr. 
Opinion Immunol. 7:327 (1995)] was studied as the test system. Curioudy. 
there is a limited description of genes that are down-regulated upon T-cell 
30 activation [see Nucleic Adds Res. 19:4655 (1991); and Proc. Nati. Acad. Sd. 
USA 90:10260 (1993)] and the present approach offered a convenient 
method for looking for such products. 
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A scheme for the 3'-end restriction fragment display of cONAs 
according to the present invention may be des«1bed a general 5-step or 
more specific 7-step proMSS. 

In the general 5-step scheme for the method according to the 
5 present invention, step 1 involves the use of a two bass anchored oligo-dT 
primer with a heal for first strand cDNA synthesis from total RNA using 
reverse transcriptase. In this step, all reagents of the reaction except 
reverse transcriptase are mixed, overlayered wHh mineral oil and heated at 
65" C for 7 minutes to allow opening of any secondary structures formed In 
10 the mRNA. Thereafter, the temperature is lowered to 50* C for 7 minutes 
to allow the anchored oltgo-dT primer to anneal to the mRNAs. At this 
stage, 2 ^l of Supercript 11 reverse transcriptase (Qitoo BRL) is added to 
the reaction mixture, mixed by pipetting, and the reaction Is carried out at 
50° C for 1 hour. 

15 In the second step, the reaction mixture from the previous step is 

used as the substrate for the second strand cDNA synthesis by the Gubler- 
Hoffman method at 16" C for 2 hours. All cONA molecules synthesized thus 
acquire a common 3'-heel as shown In Rgure 1. Synthesized double 
stranded cDMAs are recovered by phenol-chloroform extraction of the 

20 reaction mixture, precipitated by ammonium acetate and ethyl alcohol, and 
dissolved in water. In the third step, cDNAs from step 2 are digested with 
a restriction enzyme. 

In the fourth step, the restriction enzyme digested cONAs are ligated 
to a T'-shaped adapter as shown in Figure 1. This adapter has an 

25 overhang on its 3'-end for ligation, and on the 5'-end It has a stretch of 
non-complementary sequence on the opposKe strands giving rise to its 'Y* 
shape. As a result of ligation, the 3'-end restriction fragments %vill have 
adapter only on their 5*-end. white internal restriction fragments of the 
cONAs will have the adapter ligated to their 5'- and 3*-ends. 

30 In the fifth step, the 3'-end restriction fragments of the cDNAs 

ligated to the Y-shaped adapter are selectively amplified. The 5' PGR primer 
used is made from the Y region of the adapter which does not have the 
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complementary sequence on the opposite strand and, therefore, cannot 
anneal to the adapter itself. The upstream fragments of digested cDNA 
with adapter Ugated on both ends or only one end in the S'-terminal piece 
will, therefore, not be PCR-amplified. However, the 3' PGR primer (made 
5 from the 3'-end heel sequence) anneals to the heel of the 3'-end fragments 
of cDNA during the first PGR cyde, and extends DMA ^nthesis into the Y 
region of the ligated adapter, thus synthesizing complementary sequences 
to which the 5' PGR primer can now anneal. The two PGR primers can then 
selectively amplify the 3'-end fragments of the cONA under stringent 

1 0 conditions. 

The more speafically described general 7-step scheme for the 
method according to the present invention is also shown in Rgure 1. A two 
base anchored. oiigo-dT primer with a 3' heel is used for first strand 
synthesis by Qubler-Hoffman method [see Gene 25263 (1983)] Ail cDNA 

1 5 molecules thus acquire a common 3' heel. This dDNA is digested with a 
restriction enzyme and ligated to a Y-shaped adapter similar in principle to 
the bubble adapter [see Nudeic Adds Res. 182887 (1990)]. The "Y* 
adapter is synthesized witfi an overhang on its 3'-end for ligation, and on its 
5'-end it has a stretch of non-complementary sequence on the opposite 

20 strands that provides for its "Y* shape. The 5' PGR primer is synthesized 
from this Y region and cannot anneal to the adapter itself. The upstream 
fragments of digested cDNA with adapter ligated on both the ends, or only 
one end in tfie 5' tenninal piece will, therefore, not be PGR amplified. 
However, the 3' primer anneals to the heel of the 3'-end fragments of cDNA 

25 during the first F^R cyde and extends DMA synthesis into the Y region of the 
ligated adapter, thus synthesizing complementary sequences to which the 5' 
PGR primer can now anneal. The two PGR primers can then selectively 
amplify the 3'-end fragments of the cDNA under stringent PGR conditions. 
More spedTically there is shown in Figure 1 a method whereby a two 

3 0 base anchored oligo-dT primer with an added heel is used for first strand 
cDNA synthesis from total RNA using reverse transcriptase (step 1). This 
is followed by a second strand synthesis using the Gubler-Hoffman method 
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(step 2). AH cDNA molecules synthesized according to these two steps will 
thus acquire a common 3' heel. Next the cDNA is digested (step 3) with a 
selected restriction enzyme (at this point restriction enzymes that produce 
either blunt ends or overlapping ends may be used, however, in the following 
5 examples the enzyme BstYl is depirted which produced overhanging ends) 
and ligated to a previously synthesized Y-shaped adapter (step 4). The 
adapter has an overhang on its 3'-end for ligation, and on its 5'-end it 
carries a stretch of non-oomplementary sequences that provide for its 
shape. Tha 5' PGR primer is made from this Y region (step 4) and thus 

1 0 cannot anneal to the adapter itself. The upstream fragments of digested 
cDNA with adapter ligated on both the ends (step 5) or only one end in the 
5' temninai piece will, therefore, not be PGR amplified. However, the 3' 
primer will anneal to the heel of the 3'-end fragments of cOMA (step 5) 
during the first PGR cyde and extend Dl^ synthesis into the Y region of the 

1 5 ligated adapter, thereby synthesizing complementary sequences to which 
the 5' PGR primer can now anneal (step 6). The two PGR primere can then 
selectively amplify the 3'-end fragments of the cONA under stringent 
conditions (step 7). 

Altematively. oiigo-dU primers may be used in lieu of the oiigo-dT 

20 primere for first strand cONA synthesis in step 1. The binding of oligo-dU to 
the polyA streteh is Icnown to be weaiter when compared to the binding by 
Oiigo-dT. Hence, the use of oligo-dU primere for first strand cDlsiA synthesis 
should minimize the annealing of the oligo-dU to any shorter internal polyA 
stretches present In the mRNA polymer. The preliminary results from a set 

25 of experiments where oligo<dU was used showed tyr^cal display patterns 
with a known sample of RNA. These patterns were similar to those 
obtained by using oligo-dT, however, when using oligo-dU. the chances of the 
primer starting cOlsiA synthesis form internal polyA stretches In the mRNA 
polymer are minimized. 

30 We have also discovered that PGR primers that were purified over gel 

electrophoresis or by HPLC will give better display patterns than unpurified 
primers. During oligonucleotide synthesis, a significant fraction of shorter 
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oligrniudeotides that form as a result of failed synthesis ^das are 
aocumulated along with the complete oligonudeotide. These shorter 
sequences are knovim in the art as "^ura sequences', and although a small 
fraction of the original oligonucleotide can still partidpate in amplification 
during PGR, by making these smaller than normal amplified products, a 
product is otjiained that contritMites to the smear in between the bands. 
Accordingly, it is preferred and highly recommended that the primers used in 
the invention described herein be purified to lessen the number of failure 
sequences. 

Each six base cutter restriction enzyme cuts approximately 8% of 
the cONAs at positions between 50 and 400 bases from the polyA tract, so 
that more than 12 sbc base cutters «viil be needed to approach complete 
representation of cDNAs, each tMing used with several dfferent anchored 
oligo-dT primers. Also, we estimate that at best, about 100-150 discrete 
bands can be detected in a single gel lane. Therefore, at least 100 lanes will 
need to l)e run under different conditions to study tfie overall pattern of 
gene expression in any single cell type. By using 30 restriction enzymes to 
cut a cell-derived cONA. it has been possible to cover, according to the 
present invention, approximately 97% of the cONAs from a single cell. 

A major advantage of the present approach is that the size of a 
known cONA product and hence its position on the display gel is predictable. 
lnterieukin-2 (IL-2) is a well studied cytokine expressed only in activated and 
not resting T-cells [see Annul. Rev. Immunol. 8:421 (1990)] and should be 
displayed as band of predictable size. To confinn this and to test the 
ability of the method to display differences, cDNA from resting and hr 
acth^ated human peripheral blood T-iymphocyte RNA were made using oligo- 
dT primer wdth a heel and 3' anchor residues TA complementary to the AT 
dinudeotide in the IL-2 mRNA sequence immediately preceding the polyA taul. 
Restriction digestion with BstYl should produce, and did wrtien tested, a 146 
bp 3'-end fragment of IL-2 cONA [see Natl. Acad. Sd. USA 812541 
(1984)]. When added to the sizes of the 3' oilgo dT and 5' adapter, this 
should, and did, produce a band of 209 bp on the display gel. A distind 



WO97/0S86 



9 



PCr/US96/12468 



band of the predicted siz was produced in activated but not in ttie resting 
T-cell sample on dtepiay of BslYI cut cONA (Rgure 2 lane 2). Sequencing of 
this fragment confirmed the presence of the 5' adapter followed by a BstYl 
site, IL-2 3'-end sequences, the pclyadenyiation signal AATAAAA (SEQ. NO. 
5 1). the downstream oligo-A tract and the heel primer. 

EXAMPLE 1 

Conditions for growth and activation of Jurkat (Jurltat T-oells grow 
rapidly in culture, can be synchronized by senim stanration, and can be 
stimulated to produce interleuldn-2, an early event in the differentiation of 
1 0 peripheral blood T-ceils in vivtr. as a result they have become a recognized 
model system for the comprehensive identification and doning of all ONA 
sHes that are specifically recognized by protein factors present In these 
cells; the use of Jurfcat T^ells as a model is well accepted, and the findings 
using this test system may readBy be extrapolated to other test systems 
1 5 using other oeU types; In short. It Is scientifically reasonable to accept Jurkat 
T-cells as a standard for the comprehensive identification and doning of all 
DMA sites that are spedficalty recognized by protein factors present in 
these cells, and this may be extrapolated for the comprehensive 
ldentlfk»tion and doning of all DMA sites that are spedficaily recognized by 
20 protein factors present in other cell types) and peripheral blood T-cells, 
respectiveiy. have been previously described {see Proc. Natl. Acad. Sd. USA 
90:10260 (1993); and J. Exp. Med. 174:1259 (1991). the disclosures of 
which are incorporated herein in toto]. Total cellular RNA was prepared 
from untreated (JO) and 4 hour Phorbol 12-Myrlstale 13-Acetate (PMA) 
25 plus Phytohemagglutinin (PHA) activated Jurkat cells (JTP) using RNAzol 
(Biboo-BRL). Synthesis of cDNA was perfonned according to the 
manufacturer's instnjctlons (Gibco-BRL kit for cDNA synthesis). The 
reaction mixture for first strand synthesis induded, 10 ^g total RNA, 2 
pmols of one of the following three nudeotide anchored heeled oligo-dT 
30 primers (wherein T18 refers to a string of 18 thymine-based nudeotides)- 
RP5.0 CTCTCAAGGATCTTACCGCTTieAT 40 (SEQ.N0.2); 

RP6.0 TAATACCGCG CCACATAGCA TibCG 40 (SEQ. NO. 3); or 
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RP92 CAGGGTAGACGACGCTACGCT18GA40 (SEaNO.4) 

along with other conventional reagents for the first strand ^nthesis 
reaction except reverse transcriptase, in these three sequences, the true' 
heel is to be considered to be the first 20 nucleotides (that is the molecule 
5 without the TisAT, TibCG, or TieQA portion. Thus, the true* heels are 
CTCTCAAGGATCTTACCGCT 20 (SEQ. 140. 10); 
TAATACCGCG CCACATAGCA20 (SEQ. NO. 1 1); and 
CAGGGTAGACGACGCTAOGC20 (SEQ. NO. 12). 

The reaction mixture was layered with mineral oil, incubated at 65* C 

10 for 7 minutes followed by 50* C for another 7 minutes. At this stage 2 ^i of 
Superscript reverse trascriptase (200 u/fil, Giboo-BRL) was added quiddy, 
mixed, and the reaction continued for an additional hour at 50* C. Second 
strand synthesis was performed at 16* C for 2 hours. At the end of the 
reaction the cONAs were precipitated with ethanoi and the yield 

1 5 (apptroximately 100 ng) of cDNA was caloilated. 

The adapter of the foHowing A1 and A2 nucleotide molecules was 
next synthesized with the following sequences: 

A 1 TAGCGrrCCGG CGCAQOGACG GCX:aG 25 (SEQ. NO. 5): and 

A2 GATOCTQQX GTCGQCTGTC ItSTGQGCGC 29 (SEQ. NO. 6) 

20 One hq of oligonucleotide A1 was first Idnased at the S'-end in a final 

reaction volume of 10 fil using 14 polynucleotide Idnase (PNK) with 
conventional techniques. After phosphoryiafion, PNK was heat denatured, 
and 1 fig of the oligo A2 was added along with lOX annealing buffer (1M 
NaCI, 100 mM Tris, HCi pH 8.0, and 10 mM EDTA pH 8.0) in a final woridng 

25 volume of 20 ^1. This mixture was then heated at 65* C for 10 minutes, 
followed by slow cooling to room temperature for 30 minutes. This results 
in the formation of the "Y" adapter at a final concentration of 100 ng/^l. 
About 20 ng of the cDNA was digested with 4 units of Bgl II in a 10 ^1 
reaction for 30 minutes. Two |il (-^ ng digested cONA) of this reaction mix 

30 was then used for ligation to 100 ng (-50 fold) of the Y-shaped adapter. 
The ligation was carried out for 16 hrs at 15* C in a final volume of 5 ^1 (2 
fil digested cDNA, 1 ^1 adapter, and 2 ^1 of a solution containing 5 txi ^0 mM 
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ATP. 5 ^l 10X ligation buffer, and 10 ^l (4 units) of T4 DNA Dgase). 
Following Rgation tfie reaction mbcture was diluted to a final volume of 80 (J 
(adapter figated cONA cone. "50 pg/|(il) and heated at 65" C for 10 
minutes to denature T4 DNA (igase. and 2 fil aliquots (with "100 pg cONA) 
5 were used for PCR. 

The following sets of primers were used for PCR amplificalion of the 
adapter ligated 3'-end cOlslAs. The RP5.0. RP6.0 or RP92 were used as the 
3' primer, while the following: 
A1.1 TAGCGTCCGGOGCAGCGAC 19 (SEQ.N0.7) 

1 0 served as the 5* primer, in order to detect the PCR products on the display 
gel. oligo A1.1 was S'-end labeled for 30 minutes in a final reaction volume 
of 20 ^l containing 24 pmoles of thte oligo, 10 units of PNK. and 48 pmoles, 
i.e., 15 Ml of Y^^P ATP (Amersham). PNK was heat denatured at 65* C for 
20 minutes and the labelled oligo was mixed with 60 (J of 2 of unlabelled 

1 5 oligo 1.1 (at a 1:4 dilution, fin^ oligo concentration of ~2 mM). The PCR 
reaction mixture (20 consisted of 2 pi ("100 pg) of the template. 2 fil of 
10X PCR buffer (100 mM Tris*Ha and 500 mM KCi). 2 pi of 15 mM MgCi2 to 
yield 1.5 mM final Mg^^ concentration that is optimum for the reaction, 200 
pM of dNTPs, 200 nM each of 5* and 3' PCR primers, and 1 unit of Amplitaq. 

20 Primers and dNTPs were added after preheating the reaction mixture 

containing the remainder of the components at 85* C. This 'hot start' PCR 
was done to avoid artefactual amplification arising out of arbitrary 
annealing of PCR primers at lower temperature during transition from room 
temperature to 94* C in the first PCR cyde. PCR con^sted of 28 to 30 

25 cydes at the stringent conditions of 94*> C for 30 seconcte, 56* C for 2 
minutes, and 72* C for 30 seconds. A higher number of cydes resulted in 
smeared gel patterns. 

Aitematively, the PCR amplification conditions may be modified in 
order to achieve an even higher stringency for primer annealing by using 

30 stretch-PCR conditions. For this purpose, we have routinely used radio- 
labelled primer A1 Q.b., Sequence No. 5) as the 5' PCR primer instead of the 
primer A1.1 described above. The PCR conditions for this stretdi-PCR 
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procedure are 94« C for 30 seconds. 68- C for 2 minutes, and 45 seconds 
for 30 cydes. The results obtained by using this piotocot showed improved 
sharpness of the bands on the display gels. 

PGR products (2.5 were analyzed on a 6% polyacrylamide 
sequencing gel. For double or multiple digestion following adapter ligation 
13.2 of the ligated cDNA sample was digested with secondary restriction 
enzymes in a final volume of 20 Mi. From this solution. 3 |d was used as the 
template for PGR. This template volume of 3 |il carried "lOO pg of the 
CDMA and 10 mM MGCI2 (from the 10X enzyme buffer) which Suted to the 
optimum of 1.5 mM In the final PGR volume of 20 pi. Since any Mg*2 oomes 
from the restriction enzyme buffer, it was not induded In the readion 
mixtute when amplifying secondarily-cut cDNA. 

In both cases. I.e., with cutting by a single or by multiple restriction 
enzymes, bands were extraded from the display gels, reampllfied using the 
s and 3' pnmers. and subdoned imo pGRseript with high effidency using the 
PGR script doning kit (Stratagene) and following the manufarturBr-s 
.nstrurtons. Resulting plasmids were sequenced by cyde sequendng on an 
AppUed Biosystems automated sequencer. 

An improvement in this protocol may occur if 33p js substituted as 
ttie radioMabelling isotope rather than 32p as described above. The isotope 
*»P emte weak beta partides and has a longer haif-iife than 32p when the 
use of 33p was tested for labelling the PGR primers in lieu of 32p the 
resulting display patterns showed very sharp bands as compared to their 
P counterparts. Based upon these series of comparisons, 33p labeliina 
should allow a better resolution of finer bands that would nomially be 
hidden or not discernible as a result of smudging %vhen 32p js used. 

As shown in Figure 2. the display of BstYl digested cDNA prepared 
from resting and activated T-oells produced the predided 209 nudeotide 
band corresponding to IL-2 mRNA 3' end sequence in adivated T-cells (lane 
2). but not in resting 7-cbIIs (lane 1). This is because the IL-2 gene will 
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express the corresponding mRNA in the activated. tHit not in the resting T- 
oeSs. 

The total cDNA for the 209 nucleotide sequence is: 
TAGCGTCOXS aSCAGOS^ GCC3U3GATCT 5Q 
5 CCCTAGGGGC TCTAAAATGG nTCACTTAT TTATCCCAAA AIMTTATia 100 
TTATGTTGAA TGTTAAAIAT AGTATCTATG TAGATTCGTT AGTAAAACTA 150 
TTTRATAAAT TTGAIAAAIA rmTlTm ' liimTm' CGCCAITCTA 200 
GGAACIXrrC 209 (SEQ.no. 8) 

In this sequence, nucleotides 1 to 25 correspond to A1, nucleotides 
0 26 to 171 correspond to the 146 nucleotide sequence of iL-2 as reported in 
the literature, nucleotides 172 to 209 correspond to the nucleotides of RP5 
beginning with the TIB designation. 

After extracting the band from the gel It was confirmed to be IL-2 by 
sequencing. Before PGR amplification the adapter ligated cDNA was recut 
5 with Alul. Rsal and Mspl since without recutting smeary patterns resulted 
as BstYl is a more frequently cutting restriction enzyme. 

RNA from resting and 4 hour activated Jurkat cells was next 
compared and displayed in Rgure 3 which describes the reproducibility of 
display patterns and their diversity generated by different restriction 
0 enzymes and anchors in oligo-dT primers wHh heel. 

Rgure 3 depicts three different panels (A. B and C). In panel A. lanes 
1 and 2 are the same experiment, njn at different times, using resting cells; 
lanes 3 and 4 are the same experiment, run at different times, using 
activated cells. 

5 In both panels B and C of Figure 3. the even numbered lanes are the 

results of experiments using material from activated T-cells. and the odd 
numbered lanes are the results of experiments using material from restino 
T-cells. 

In panel B of Rgure 3. lanes 1 and 2 are results from an experiment 
) using a first anchor primer; lanes 3 and 4 are results of the same 

experiment using a different primer, in lanes 1 to 4. it is readily apparent 
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that by utilizing the same restriction enzyme, but different anchor primers, 
one will obtain bands of different ^eins. 

In panel B of Figure 3. lanes 5 and 6 . and 7 and 8. are results of the 
same experiments and indk»te that with the same eONA but with different 
restriction enzymes one will obtain (fifferent gel patterns. 

In panel B of Rgure 3. lanes 9 and 10 are control lanes in which cDNA 
was cut with restriction enzymes but no adapter or adapter-ligation took 
place. Thus, lanes 9 and 10 are dear as would be expected of such 
controls. 

In panel C of Rgure 3. tt was found to be possible for the first time to 
resolve sequences which because they share a common weight but not a 
common sequence migrate together in the gel. Briefly, this was 
accomplished by randomly introducing a second restriction enzyme into the 
reaction mbdure after ligation and before amplification by PGR. This will not. 
statistically, cut strands at the same point in both species of cDNA. Thus, 
statistically the 3'-end obtained in both species will be different in the 
number of nucleotides. As described above, when subjected to PGR 
amplification, only the 3'-end will be amplified (becmise the 5'-ends will not 
contain the primer; see Rgure 1, steps 5 and 6). Specifically, in panel C. the 
material In lanes 1 and 2 was cut utilizing Bglll as the restriction enzyme; 
the material in lanes 3 and 4 were cut utilizing a second restriction enzyme, 
WnFI. 

The bands seen on the gel for experiments utilizing different 
restriction enzymes can, as described above, bo used to determine the 
different genes tiiat are up- or down-regulated. For example, the band 
Identified as JM5 in panel C is present in all lanes Indicating that the gene is 
active in all preparations tested of active or resting cells. The band 
Identified as JI<A6 Is present in lane 4 but not lane 3 indicating that tills gene 
is active in activated cells, but is not active in resting cells; thus providing a 
means of detennining ttie state of the cell. The band identified as JkA7 is 
the same in lanes 1, 2 and 4, but is not present in lane 3; again a means is 
provided for distinguishing between ttie state of cells based upon the 
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restriction enzyme used. The band identiTied as JkA7 is present in lanes 1 
and 3, the resting cells, but not In the activated cells which provides a 
means for determining the status of the cell under examination 

Therefore, panel A shows that reproducible patterns ware obsenred 
on display of Bglll digested cDNAs prepared by using ofigo-dT primer RP 6.0 
from untreated (lanes 1, 2) and activated (lanes 3. 4) Jurkat RNA samples 
isolated In two separate experiments. Panel B shows lanes 1, 3. 5. 7 and 9 
as representing cDNA samples from untreated, and lanes 2, 4, 6, 8 and 10 
from activated, Jurkat cells. Although digested with the same restriction 
enzyme (Bglll), different cDNAs made from one RNA sample using oligo-dT 
primers with different anchor bases produce different display patterns 
(RP9.2 in lanes 1 and 2 and RP 6.0 In lanes 3 and 4). When digested with 
different restriction enzymes (Bglll in lanes 3 and 4 and BamHI in lanes 5 
and 6) cDNA made from one oligo-dT primer RP6.0 produces different 
display patterns. Reproducible display patterns were observed between 
lanes 5 and 6 and 7 and 8 when each cDNA sample of untreated (lanes 5, 
7) and activated (lanes 6. 8) Jurkat cells were digested with BamHI in 
separate tubes and llgated separately before PCR amplification. When 
alk)uots of restriction enzyme digested cOfOAs were separately llgated to 
the adapter at different times identical patterns were observed on PCR 
amplification. Lanes 9 and 10 represent unligated controls wherein 
restriction enzyme digested cONA is utilized for PCR writhout llgating the 
adapter. However, bands may appear in these control lanes if there is a 
contamination of solutions or samples %with adapter llgatad cDNA. All 
samples in panels A and B were run on the same gel, however, lanes 1-4 in 
panel A. 1 and 2 and 3-10 In panel B were run In adjacent lanes on the gel. 
Whh regard panel C. lanes 1 and 3 represent untreated, and lanes 2 and 4 
represent activated. Jurkat cDNAs prepared by using oIlgo-dT primer RP6.0. 
In lanes 1 and 2 the cDNA was digested with Bglll while In lanes 3 and 4 Bglll 
digested and adapter Ogated cONA was redigested with a more frequent 
cutter restriction enzyme. HinFl, before PCR amplification. Arrows point to 
the bands that were extracted and found to be tme differences. JkA6 and 
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JkA7 in lane 4 were revealed as differences on the display gel only upon 
recuttlng the Bgl II digested cDNA from lanes 1 and 2 with HinFI before PGR 
ampfification. 

Initially. 3' cDNA fragments produced by restriction enzymes Bglil, 
5 Bdl were dsplayed in the making of the present Invention, and BamHI as 
they produce GATC (SEQ. No. 9) overhangs compatible %vith the same 
adapter. These enzymes produced different display patterns with the same 
pool of cONAs (see Rgure 3. panel B.). Moreover these patterns were 
consistently reproducible In several different sets of experimental conditions 

10 as described above. The reproducibility of the method was also Olustrated 
by the large number of common bands between untreated and activated 
Jurkat cONAs (see Rgures 2 and 3). 

To examine the validity of the method, according to the present 
invention, of (Sfferences seen on the display gels, bands were subdoned, 

1 5 sequenced and specific pair of oligonucleotide primers based on these 
sequences were used for fIT-PCR [see J. Exp. Med. 174:1259 (1991)) with 
total RNA from untreated and activated normal T cells and Jurital cells. 
Two differences in Bglli digested cDNA (Rgure 3, Panel C. lanes 1 and 2) 
were verified to be true. 

20 Overiapping bands that mask the true differences can be resolved 

accorcfing to the present invention on recutting the adapter ligated 3'-end 
cDNA fragments (shown in step 5 of Rgure 1) before PGR amplification, if a 
site for restriction enzyme used for recutting is present in one of the two 
comigrating bands it will be cut Into one part with the adapter and the 

25 other with the heel sequence, neither of which can be ampfified by PGR. and 
will therefore, be eliminated. Using this approach, additional differences 
between untreated and 4 hour activated Jurt^at cells we successfully 
uncovered when Bgl II cut and adapter ligated cDNA were further digested 
with Hinf 1 (Rgure 3, Panel G. lanes 3 and 4). 

30 The choice of enzymes for primary or secondary cutting was 

art)itrary although a combination of more than one enzymes can tie used 
for recutting. Another advantage of recutting is that recovery of low 
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abundance cONAs is enhanced because removal of high abundance bands 
by recutting allows access of these fragments to PGR primers (Rgure 3, 
panel C, lanes 3 and 4). In addition, recutting can be used to minimize 
redundancy between fragments in different lanes. For example. Bglll cut 
5 cDNA fragments can be recut with BamHI and vice versa, so that the two 
samples share no amplified products. A large number of variations of the 
display patterns can. therefore, be produced by the method according to 
the present invention to look for differentially expressed genes by (I) a 
combination of a number of different two base anchored, heeled oligo dl 

1 0 for making cONAs, (11) a number of different restriction enzymes that can 
be used for primary cutting of these cONAs and, (ii>) tiie number of 
restriction enzymes used for secondary cutting for each primary cut 

Consistent with the reproducibility of ttie gel patterns, most 
(Sfferences in the intensity of cONA amplificiErtion products corresponded to 

1 5 differences in mRNA levels. For example, a total of IS bands were 

subckmed. sequenced and examined by RT-PCR. Of these bands, fourteen 
showed changes in levels of expression predicted from the gel pattern 
(Rgure 4, in which the left lane represents material from resting cells, and 
the right lane represents material from active cells, in addition, sequence 7 

20 represents a band from a normal T-ceil, and sequence 7A represents a 
band from a cancerous T-cell). Of the fourteen sequences, one was myc, 
one IL-2 and the remainder were novel sequences not represented in 
conventional sequence databases. Each product contained a 
Polyadenyiation signal upstream of the oligo-dT tract. At the other end of 

25 each product, ttie expected four base overhang of the adapter was seen, 
followed by the base predicted from the spedficity of the enzyme used for 
the initial cutting of the cDNA. For example, bands from display patterns 
generated witti the enzyme Bgl II ail had the sequence of the adapter 
including ttie GATC (SEQ. NO. 9) of the adapter overhang, followed by a T 

30 that would be expected If the 5' end of the attached cDlsiA had been 

generated by BGI II. In every instance, bands recovered from the gel lacked 
internal cleavage sites for the restriction enzymes used for primary or 



W097/DS286 



18 



PCr/US96/12468 



secondary cutting. The levels of PCR products of the twelve induced and 
one down-regulated cONAs. and presumat)ty their mRNAs. vary with respect 
to IL-2 and Mctin (Rgure 4). Therefore, while it is easier to detect and 
isolate cDNA fragments corresponding to the more abundant mRNAs, the 
5 approadi according to the present invention provides the ability to detect 
and subclone samples from quite rare mRNAs. 

More specifically with regard to Figure 4. verification of differences 
from display gel by RT-PCR of original total RNA sample is shown. In each 
of the panels 1-15 the left lane represents untreated while the right lane 

1 0 represent activated Jurtcal cDNA (In panel 7, however, peripheral blood T- 
oelt RhiA was used for RT-PCR). Bands of interest were extracted from the 
dteplay gel, subdoned. sequenced and specific PCR primers were made. The 
method to prepare RNA and RT-PCR has been described (see J. Exp. Med. 
174:1^9 (1991)]. Briefly, I ^g of total RNA was reverse transcribed using 

15 100 ng of random hexamer primer in a total volume of 20 )il. Following 
heat inactivation of reverse transcriptase the final volume of the reaction 
mix was adjusted to 50 ^ with water, 2 pi of this diluted sample was taken 
in the final PCR reaction mixture containing 5 |il of 10X PCR buffer (100 mM 
Tris*HCI and 500 mM KCI). 200 nM of each of the 5' and 3' primers, 200 ylA 

20 dNTPs, 1 unit of Ampiitaq and 1^ mM MgCl2. PCR condsted of 30 cycles of 
94" C for 30 seconds 55* C for 1 minute and 72'' C for 30 seconds. PCR 
samples were analyzed on 1.5% agarose gel and stained with ettiidium 
bromide. Samples in panels 1-15 were analyzed separately, however, lL-2 
and 6-Actin always showed the same patterns in each experiment as seen in 

25 panels 14 and 15. respectively. 

One advantage of the present Invention, as depicted in Rgure 5. is 
ttiat lower amounts of cDNA. lower than nonnalty required in display 
protocols, will provide very satisfactory results when used witti the 
protocols described in the present invention. The data depicted as shown in 

3 0 Rgure 5 was derived from a series of experiments to study the effect of 
using a cONA concentration ^ut one-fourth the amount of cDNA that is 
normally required in disf^ay protocols. This provides a means for 
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successfuHy conducting a display study using a smaller-ttian^resenliy- 
required amount of cells from whict^ to obtain the sample material; this 
af^cation will help to extend the present invention to display of the cONAs 
otitainbed for iOng of total RNA to 30 restriction enzymes, in other words, 
5 using the present bivention 30 different restriction enzymes m^ be used to 
successfully display the cDNA prepared from 10)ig of total RNA. Lanes 1 
and 2 In Figure 5 show the display patterns when a normal amount of cDNA 
is taken (Le., tiie amount called for in present dteplay protocols) and 
sut^ected to the protocol according to the present invention; lanes 3 and 4 

1 0 show the display patterns when 1/4th of the amount of cDNA that was 
used in lanes 1 and 2 was restriction enzyme digested. Hgated to the Y- 
shaped adaptor but diluted 1/4th less than the dilution used in lanes 1 and 
2 after ligation in order to obtain the equivalent concentration of tiie cDNA 
as when a normal amount of cONA is talten as in lanes 1 and 2; lanes 5 and 

15 6 show the display patterns of cOf4A which was digested as for the 
samples run in lanes 1 and 2, but only 1/4th of the cONA was taken for 
ligation and displayed; and lanes 7 and 8 show the display when 1/4th the 
amount of iigated cDfMA that was used in lanes 1 and 2 was taken for PCR 
amplification. The results dearly show that disf^ay patterns Identical to 

20 those obtained with amounts of cONA called for by present protocols are 
otitained even with a low quantities of cONA. Thus, the present invention 
may be used with smaller cDNA sample amounts than required in 
conventional techniques. 

Regarding Hgure 6, there is shown a displ^ pattern of cONA 

25 obti^ned from a very small number of sample cells. More spedficaliy, the 
figure shows comparisons of the cOHA expression pattern in stem cells at 
different stages of maturation. In otrtaining this data, total RNA was 
extracted from 5000 stem cells. Using oiigo-dT primer, a double stranded 
cONA was syntiiesized, polished, and Iigated to an adapter in accordance 

30 with the present invention. Using ttie adapter primers, the d)NA was PCR 
amplified using the protocol of Baskaran and Weissman {see Genome 
Research 6(7): 633 (1996)]. the disclosure of which is incorporated In toto 
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herein. The original cONA was therefore amplified several fold so that a 
large quantity of this cDNA was availat)le for use in the dteplay protocol 
acoonfing to the present invention. For the di^)lay. an aliquot of this cDNA 
was incubated with the anchored oiigo^ primer. This mixture was first 
5 heat denatured and then allowed to remain at 50" C for 5 minutes to allow 
the anchor nucleotides of the oligo-dT primers to anneal. This provides for 
the synthesis of cONA utilizing a klenow DNA polymerase. The 3'-end r^ion 
of the parent cONA (mainly the poiyA region) that remains single stranded 
due to pairing and subsequent synthesis of cOI4A 1^ the anchored oligo-dT 

1 0 primer at the beginning of the poiyA region, is removed by the 5-3* 

exonudease activity of the T4 0I4A polymerase. Following incubation of the 
cDNA with T4 DNA polymerase for this purpose. dNTPs were added in the 
reaction mixture so that the T4 DNA polymerase would initiate ^nthesis of 
the DNA over the anchored oligo-dT primer carrying the heel. The net result 

IS of tfris protocol is that the cONA with the 3' heel is synthesized for disfriay 
from the double stranded cDNA as the starting material. rati%er than RNA 
as the starting material as occurs in conventional 3'-end cDNA display 
protocol. The cDNA canning the 3'-end heel is tiien suk>jected to restriction 
enzyme digestion, ligation, and PGR amplification followed by running the PGR 

20 amplified 3'-end restriction fragments with the Y-shaped adapter on the 
display gel. 

in Hgure 7 there is shown the display changes which occur in the gene 
expression patterns of the aging human IMR 90 fibroblast cell line. In order 
to achieve the results depicted in Rgure 7, the human fit»obiast cell fine IMR 

2 5 90 was grown through passages 7, 13 and 22, after which the cells were 
harvested and total RNA was isolated as described above. These RNA 
samples were then used for the display protocol according to the present 
invention. The cDNA that were synthesized following this protocol were 
digested with the restriction enzyme Bgi il, and run on display gels that are 

30 shown in the figure. The arrows on ttie display pattern depleted in Rgure 7 
shows tiie position of the 3'-end Bgl II fragment of P21 and L7 cDNAs that 
are known to change during aging. 
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The sequence (SEQ. NO 13) for RP9.3 Is: 
CAGGGTAGAC GACGCTACGC Tl Nl 1 1 111 1 Ml 1 1 1 lA A 40. 
The sequence (SEQ. NO. 14) for RP10.3 Is: 
TSQTTGGATGQ CGTTDCAGG6 11 1 1 111 1 1 1 I M 1 1 II ICA 40. 
5 Both heel sequences were selected from the viral DNA sequence so 

that the PGR primers based on the heel sequence do not amplify any human 

ONA. 

Rgure 9 is similar to Figure 7 with the exception that the gel depicted 
in the figure was run with a cDNA that was digested with the restriction 

1 0 enzyme Pst I. In this case, the arrows show the position of bands in the 
display pattern that change (fcjring aging. Both Rgures 7 and 9 thus 
support the use of the present invention for studies involving the changes 
which occur in gene expression during the maturation or aging of cells. 
Figure 8 depicts the gene expression changes that occur in cells 

1 5 exposed to exogenous molecules such as the hormone estrogen. In Figure 
8, osteoblasts form a 17 year old female patient were otitEuned from spinal 
bone chips by allowing cells to grow out of the chips onto plastic culture 
dishes after which the cells were passaged twice and allowed to grow to 
confluence in the (fishes. After 46 hours In the absence of estrogen, 10 mN 

20 17-B-estradiol was added to the cell culture. Control cells remained In 
estrogen-free media. 24 hours later, RMA was isolated and analyzed 
according to the display protocol of the present invention. cDNA was 
prepared from control RNA(-) or estrogen treated RNA(-i-) cells which were 
digested with Bgl 11 or Pst I restriction enzymes and run on the display gel 

25 as described above. As indicated by the arrow in the figure, this protocol 
results in a gel that shows the position of one band which is present in the 
treated cells (i.e., RNA(-f)), but absent in the control cells. Thus, the 
protocol of the present invention may also be used to distinguish the effect 
that an exogenous molecule may have upon various cell types. 

30 The display of cDNA expression pattern of Jurkat T-cells after 

transfection with the H0X11 gene is shown in Rgure 10. it is known that 
the overexpression of the HOX11 gene in T-cells results In leukemia [see 
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Blood (Suppl.) 80:355a (1992)]. in order to study wtiich cDNAs might be 
induced in T-oells as a result of H0X11 overexpression, the cONA for H0X11 
was transfected into Juricat cells according to standardized protocol in a 
tet expression vector (see Proc Natl. Acad. Sd. USA 92£S22 (1995), for 
example], and the cDNA expression patterns between non-transfecte'd and 
H0X11 transfected Jurltat T-cells were compared on display gefs prepared 
as described above. As depicted in Figure 10. lane 1 contained a 1 kb 
marken 2 contained cDIMA samples taken from Jurkat T-cells transfected 
with the vector plasmid ptat-tak (tak is the piasmid vector that contains 
the tet-VPIG fusion gene used for transactivation and under tet control; a 
oontroO: lane 3 contained cDNA samples taken from Jurkat T-cells 
transfected ¥vlth the vector plasmid ptet-splice (a control); lane 4 contained 
cDNA samples taken from Jurkat T-cells transfected with the vector 
plasmid ptet-HOXII (a controO: lane 6 contained cDNA samples taken from 
Jurkat T-cells transfected with the vector plasmid ptet-tak + ptet-HOXII, 
i.e., a mixture of both plasmids, taken at 0 hours after tiansfection; and 
lane 6 contained cONA samples taken from Jurkat T-cells transfected with 
the vector plasmid ptet-tak + ptet-HOXII taken 1 hour after transfection. 
The arrows in Rgure 10 indicate some of the cDNA bands that are induced 
as a result of H0X11 cDNA overexpression. and again support the use of 
the present invention as a means to locate and kientify the initiation of gene 
expression in cells which have undergone a change from a resting, stable 
and normal state of existence. 

One of the most Important factors affecting clarity of the display 
patterns is the quantity of template for PGR and the number of PGR cydes. 
We found "100 pg of cDNA template Is appropriate for PGR amplification. 
However, before attempting to analyze differences in display gels, we 
routinely PGR amplified serial dilutions of the template to choose a 
concentration that %vould produce dear and reprodudble patterns in 28-30 
PGR cydes. High template concentrations produced smeary patterns while 
at very low template concentration bands started to drop out. produdng 
artefactual differences on the gel. Good quality of RNA is also a 
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prerequisite for dean display patterns. Replicates of PGR amplified samples 
were run on the gel to look for the consistency in the dffterence of intensity 
of the band under consideration and unilgated cONAs were PGR amplified as 
controls tfiat showed bands only if there was contamination of adapter 
5 ligated cOMA in solutions or sample. We found sutwioning a band of Interest 
better than cfirect analysis of the reampUfied band recovered from the gel 
and it is necessary to examine that recovered band is of the correct size. 

Increasing the number of 3' cOr<lA end fragments in a sample can 
cause blurred patterns. Sau3A1 (a four base cutter) produced smeary 

1 0 patterns although the same amount of cONA digested with Bglll or BamHI 
(six base cutters) produced dear gel patterns. Sau3a1 is a frec^ent cutter 
and produces more ampfifiable 3'-ends from a cONA population which then 
crowd together on the gel. RNA primed with digo-dT primers containing a 
mixture of bases in the subterminal anchor position produced aowded 

1 5 patterns because a larger number of d)NA molecules were synthesized. 

The extent to whidi anchored oligo-dT primers prime cONA syntheste 
from mRNAs whose sequence does not match the anchor bases perfectly 
has been a major limitation of cONA display methods. In the present 
invention a number of conditions to enhance spedfidty of this priming were 

20 examined, and it was found that primer extension by reverse transcriptase 
at 50^ was optimal. However, even under these optimized conditions 
some known CDMA products arose because of mispairing or looping out of 
the sutrterminal anchor base. Nevertheless, different yet consistent and 
reprodudble patterns were obtained with cDNAs made from oligo-dT 

25 primers with different anchor bases. 

Overall, from four pairs of lanes representing untreated and 
activated Jurkat cell mRNAs, about 700 bands could be evaluated. Of these 
about 4% appeared to represent species that increase (up-regulated) on 
acthration and as many as 2% significantly decreased (down-regulated) on 

30 activation. T-cell activation is an extensively studied phenomenon and about 
80 genes whose expression is increased in the early phase of activation 
have been recognized {see Annul. Rev. Immunol. 8:421 (1990)]. In the 
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present xperiments the estimated number of 3'-«nd mRNA sequences 
whose expression is attered within four hours after T-celi activation is an 
order of magnitude Ngher ttian might be presumed from eariier studies {see 
Proc. 1^. Acad. Sd. 84:1609 (1987); Nature 308:149 (1984); and Mot. Cell 
5 Biol. 9:1041 (1989)]. However, one iimitallon oommon to all methods of 3'- 
end cONA display is that apparent differences in expression may arise if 
sites of polyadenylation of a single spedes of mRNA changed after 
activation. 

One cDNA , JicRI, that was down-regulated on activation in both 

1 0 perif^eral blood T-cells and Jurtcat cells was chosen for further study. 
Down-regulation of JkRI in peripheral blood T-cells was evident 4 hours 
after activation with the addition of ionomydn and diacyiglycerol. When 
resting T-cells were exposed to Actinomydn D. Ji(R1 mRNA was reiatively 
stable for up to 3 hours. This raises the possibility ttiat part of the down- 

1 5 regulation might be activated by mRNA destabHization. Philiipson has 

stucSed a smedi group of GAS genes whose mRNA declines on refeeding cells 
with serum {see Cell 54:787 (1988)], and several of these mRNAs were also 
down-regulated by destabilization {see Mol. Cell Biol. 62924 (1990)]. 
Howevo-, JKRI is deferent from the GAS genes both in sequence and in the 

20 fact that the level of its mRNA was not depressed simply tv refeeiSng but 
only after specific activation of T-cells. 

Strikingly, there are very few references in the literature to genes 
whose expression is down regulated on T-cell activation (see Nudeic Adds 
Res. 19:4655 (1991); and Proc. Nati. Acad. Sci. USA 90:10260 (1993)]. 

25 This suggests that changes in the intracellular environment upon T-cell 
activation is a combined result of down-regulation of a set of genes in 
addition to induction of gene expression. 

The method of the present invention has shown the ability to uncover 
multiple differences between rather similar samples of untreated and 4 hr 

30 activated Jurkat T-Cells. The reprodudbiiity and extensive representation 
obtained with ttiis method allows a systematic analysis of a sample, taking 
full advantage of sequence databases. Since the lane and size of the band 
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Of a known gene can be easily predicted, gel pattenis can be used to 
evaluate changes in the level of expression of icnoMm mRNAs without 
resorting to doning or further analysis. As a large fraction of cOI^ 
become represented in the databases as 3' ESTs. one can use data base 
searches to limit or define candidate genes corresponding to any band 
whose abundance changes. This will be an increasingly powerful approach 
as more cONA and genomic sequences accumulata. Furthermore, by using 
fluorescent primers automated analysis of the control and test samples can 
be carried out in a single lane. And finally, the use of two different 
restriction sites, one for the adapter and the other for the heel primer can 
expedite and orient the doning. Because of its sensitivity this approach 
could be used to study the time course of appearance or disappearance of 
a set of mRNAs in a variety of euKaryotic ^sterns and extrapolate badt to 
shorter time intervals after the Initiating stimulus is applied. 

In summary, the present invention is concerned %vith an approach to 
study changes in gene expression by selective PGR amplification and display 
of 3'-end restriction fragments of double stranded cDNAs. The method 
according to the present invention produces highly consistent and 
reprodudble patterns, can detect almost all mRNAs in a sample, and can 
resolve hidden differences such as bands that differ in their sequence but 
comigrate on the gel. Bands conresponding to iofiown cONAs move to 
predictable positions on the gel. making this a powerful approach to 
correlate gel patterns with cDNA databases. Applying the method 
according to the present invention, we have examined differences in gene 
expression patterns during T-cell activation. Of a total of 700 bands that 
were evaluated in the T-cell activation studies during the making of the 
present Invention and described herein, as many as 3^% represented 
mRNAs that are up-regulated, while about 21% were down-regulated within 4 
hours of activation of Juritat T-cells. These results suggest that the method 
according to the present Invention is suitable for the systemic, expeditious 
and nearty exhausth^e eluddatlon of subtle changes in the patterns of gene 
expression 'in cells with altered physiologic states. 
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Thus while we have illustratBd and described the preferred 
embodiment of our invention. K is to be understood that the invention is 
capable of variation and modification and we therefore do not wish to be 
limited to the precise terms set forth, but desire to avail ourselves of such 
5 changes and alterations wttich may be made for adapting the invention to 
various usages and conditions. For example. whHe the gels prepared and 
shown in the figures are prepared according to conventional gel technology, 
the fragments run in these gels may be altemativety labelted with fluorescent 
labels and the reading of tfie gels conducted by automated means. Also. 

1 0 wvhile specific sized oligonucleotide primers are depicted in the embodiments 
described herein, the exact length and riudeotide sequence of thase primers 
may be varied while still maintaining the requirements that these primers 
must have as described herein. Also, while the embodiment described herein 
Is directed primarily at ttie assay of changes occurring in activated and 

1 5 resting cells, it is to be understood that whenever a cell is brought into 
contact with an exogenous material such as for example a pharmaceutical 
or toxic compound, the cell will invariably provide some genetic response to 
the material resulting in the up- or down-regulation of genetic expression; 
these changes can also be noted using the metiiod according to the present 

20 invention with very littte alteration to the general scheme of the method 
depleted in Figure 1. and these changes can be used to evaluate the effect 
that such materials have on 0ie host cell that has been exposed to the 
material. 

In addition to the above, other applications of the 3'-end cDf^ 
25 differential display protocols according the present invention would include 
the elucidation of the mechanism of drug action (witti the ability to monitor 
early changes in the cell after dnjg treatment, the mechanism of drug action 
can be studied by appi^g the 3'-end cDNA techniques descritied herein, 
also a comparison of responses of different individuals to a drug treatment 
30 can be moi^ored); comparison of early side effects at the molecular level in 
response to the treatment with different drugs for a common cure (certain 
drugs are known to have more side effects or toxicity than others that are 
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used to treat the same disorder, and the display techniques described 
herein win be useftjf In the rapid evaluation of different dnjg therapies for 
their side effects); and the ability to display -differences in target cells that 
are scarce in number (this use wiU be especially helpful In cases where stem 
cells are being studied, or in the case of biopsies where only a small amount 
of tissue is available}. Sfiil in addition to the above, it wiU also be possibie 
by a variation of the present Invention as described above to display both 
the 5'-end of a nudeic add sequence, as well as internal cDNA fragments 
which, along with the 3-end display, as fully described herein, will allow for 
the detection of. for example, mutations In normal and hereditary disorders. 
What makes the present invention applicable to each of these possibie uses 
Is that they all result in subtle changes in gene expression for which the 
present invention provides a means to study and note such changes. 

Accordingly, such changes, modifications, alterations and uses as 
described herein or as would be readily apparent to those skilled in the art 
are property intended to be within the full range of equivalents, and 
therefore within the purview of the following daims. 

A complete listing of all nudeotide sequences described in the above 
description of the present invention follows: 

SEQUENCE USTTING 

(1) GENERAL INFORMATION: 

(i) NUMBER OF SEQUENCES: 14 

(2) INFORMATION FOR SEQ ID N0:1: 

(I) SBQUBJCE CHARACTERISTICS: 

(A) LENGTH: 6 base pairs 

(B) WPE: nudeic add 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

(i) MOLECULE TYPE- DNA 

(xi) SEQUENCE DESCRIPTION: SEQ D NO:1 : 

AATAAA 6 

(2) INFORMATION FOR SEQ ID N02: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 

(B) TYPE 



40 base pairs 
nudeic add 



5 



(C) STRANDEDNESS: 
P) TOPOLOGY: U 

(DMOLBCULETYPE C 



linear 
DMA 



single 



(»-) SEQUENCE DESCRIPTION: SEQ ID N02: 

CTCTCAAGGATCTrACCGCT 1 1 H II 1 1 1 II || 1 1 1 MA T 40 
(2) INFORMATION FOR SEQ 10 N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE nudeic add 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

(i)MOLGCULETYP& DNA 

(xO SEQUENCE DESCRIPTION: SEQ D NQS: 

TAATACCGCGCCACATAGCA 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 MCX S 40 
(2) INFORMATION FOR SEQ ID NO:4: 

(D SEQUBICE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 
{B)TYPE nudeic add 

(C}STRANOEDNESS: single 
P) TOPOLOGY: linear 

©MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ D Na4: 

CAGGGTAGACGACGCTACGC 1 1 1 1 li 11 1 1 1 1 1 1 1 1 IIG A 40 
(2) INFORMATION FOR SEQ ID NO^: 

(9 SEQUEI^ICE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nudeic add 
P) STRAISiDEDNESS: single 
P) TOPOLOGY: linear 

(i) MOLECULE TYPE DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N05: 

TAGCGTCCQGOGCAGCGACGQCCAG 25 
(2) INFORMATION FOR SEQ ID N0:6: 



(O SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 29 base pairs 

(B) TYP& nucleic add 

(C) SnrRANDEDNESS: single 
PT0P0UX3Y: linear 

5 (i)MCX£CLX£7YP& DMA 

(xO SECaUBICE DESCRIPTION: SEQ ID N0£: 

GATOCIGGUCGTOQGCTCilC IUICQQCX3C 29 
(2) INf=0RMAT10N FOR SEQ ID N0:7: 

(Q SEQUENCECHARACTERlSnCS: 
1 0 (A) LENGTH: 19 base pairs 

(B) TYPE nudeicadd 

(C) SrrRANDEDNESS: single 
P) TOPOLOGY: linear 

ODHOLECULETYPE- DNA 

1 5 (xD SEQUENCE DESCRIPTION: SEQ D Na?: 

TAGCGTCCGGCGCAGCGAC 19 
(2) INi=0RMAT10N FOR SEQ ID NO*^: 

(0 SEQUBCE CHARACTERiSnCS: 

<A) LENGTH: 209 base pairs 
20 (B)TYP& nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(i)MOLeCULETYPE DNA 
(xl) SEQUENCE DESCRIPTION: SEQ ID NO*: 
25 TAGCQTCCGGCGCAGCGACGGCCAGGATCTTTTATGATrcTTTTTOTAAG 50 
CCCTAGGGGCTCTAAAATGGTTTCACTTATTTATCCCAAAATATTTATTA 100 
TTATGTTGAATGTTAAATATAGTATCTATGTAGATTGGTTAGTAAAACTA 150 
TTTA ATAAA TTTGATAAATA 1 1 H 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 CGCCATTCTA 200 
GGAACTCTC 209 
30 (2) INFORMATION FOR SEQ ID NO:g: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 base pairs 

(B) TYPE: hudeicadd 

(C) STRANDEDNESS: single 
35 P) TOPOLOGY: linear 

(i)MOLBCULETYPE: DNA 
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(») SEQUENCE DESCRIPTldN: SEQ ID NOS: 
GATC 4 

(2) INFORMATION FOR SEQ ID NaiO: 

(9 SEQUe^^E CHARACTERISTICS: 
5 (A) LENGTH: 20 base pairs 

(B) TYPE* nudeicadd 
(OSTRANDSJNESS: single 
P) TOPOLOGY: linear 

(i)MOLECULETYPE- DNA 
1 0 (xl) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

CTCTCAAGGATCTTACCGCT 20 
(2) INFORMATION FOR SEQ ID Nai 1: 

(Q SBQUBICE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 
15 (B)TYPE: nudeicadd 

(C) STRANDEDNESS: single 
P) TOPOLOGY: linear 

(i)MOLeCULETYPB DNA 

(xO SEQUENCE DESCRIPTION: SEQ ID NOrll: 

20 TAATACCGCGCCACATAGCAaO 

(2) INFORMATION FOR SEQ ID Nai2: 

(0 SEQUBJCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nudeic add 
25 (C)STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(i) MOLBCULETYPE DNA 

(xQ SEQUENCE DESCRIPTION: SEQ ID Nai2: 
CAGGGTAGAC GACQCTACGC 20 
3 0 (2) INFORMATION FOR SEQ (D N0:1 3: 

d) SEQUBjCECHARACTERISnCS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nudeicadd 
(OSTRANDEDNESS: single 

35 (D) TOPOLOGY: linear 

(ii) MOLeCULETYP& DNA 
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(»*) SECXJENCE DESCRIPTION: SEQ ID N0rt3: 

CAGGGTAGAC GACX3CTACGC 1 1 1 1 1 1 1 II I 1 1 II 1 1 IIAA 40. 

(2) INFORMATION FOR SEQ ID N0:14: 

(9 SEQUENCE CHARACTBVSTiCS: 
5 (A) LENGTH: 40 base pairs 

(B) TYPE: nudelcadd 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

OQMOLBCULETTPE: DNA 
1 0 (»-) SBXJENCE DESCRIPTION: SEQ ID N0n4: 

TGGTGGATGGCGTTOCAGGG 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I C A 40. 
Having tiius described our invention and the manner and process of 
making and using it in such full, dear, concise, and exact terms so as to 
enable any person skilled in ttie art to wtiich it pertains, or with it is most 
1 5 nearly connected, to make and use the same, what is claimed is: 
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1. A method for isolating in a nucleic add sample a DNA 
complementary to a mRNA comprising the steps of 

contading the mRNA with an oligonucleotide heel that hybridizes to a 
portion of the poiyA tall of said mRNA and at least one non-polyA nucleotide 
immediately upstream of said portion; 

reverse transcribing the mRNA using a reverse transcriptase to 
produce a first stnand cONA complementary to the mRNA; 

providing for a second strand cDNA synthesis complementary to the 
first strand cDNA wherein both strutds have a heel at the 3'-end of the 
stand; 

cutting said first and second strand cONA strands with at least one 
restriction enzyme to provide a number of fragments having both 3'- and 
5'-ends; 

synthesizing a two stranded adapter having about 25 nucleotides in 
the first adapter strand and about 29 nucleotides in the second adapter 
strand; 

iigating the adapter to the fragments cut from said first and second 
stand cONA to form adapter-ligated strands; and 

amplifying said adapter-ligated strands using ONA polymerase. 

2. A Y-shaped adapter having two strands of DNA wherein one 
strand has the nudeotide sequence of TAGCGTCCGQ CGCAGCGACG GCCAG 
(SEQ. NO. 5); and the second strand has the nudeotide sequence of 
GATDCTGGOCGTOGGCT GIC IGlC GGCXaC (SEQ NO. 6) 

3. A nudeotide molecule that is selected from the group consisting 

of: 

CTCTCAAGGATCTTACCGCTTisAT {SEQ. NO. 2); 
TAATACCGCG CCACATAGCATisCG {SEQ. NO. 3); 
CAGGGTAGACGACGCTACQCTisGA {SEQ. NO. 4); 
CAGGGTAGAC GACGCTACGC TieAA (SEQ No. 13); and 
TGGmGGATQGCGTTCCAGGQTisCA (SEQ No. 14). 

4. A nudeotide molecule that is selected from the group consisting 

of: 
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CTCTCAAGGATCTTACOGCT 
TAATACCGCG CCACATAGCA 
CAGGGTAQAC GACGCTACGC 



(SEQ. NO. 10); 
(SEQ.no. 11); and 
(SEQ. NO. 12). 
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